Educational Objectives {#s5}
======================

By the end of this activity, learners will be able to: 1.Describe the cognitive processes that influence diagnostic reasoning.2.Define the five domains of diagnostic reasoning and their related components.3.Apply a theory-informed instrument to enhance the assessment and feedback of diagnostic reasoning in a medical learner.

Introduction {#s6}
============

The Institute of Medicine has published a landmark report on diagnostic errors in health care highlighting the persistence of diagnostic errors and specifically recommending that training programs address diagnostic reasoning performance.^[@R1]^ While accurate diagnoses are linked to positive patient outcomes, the diagnostic reasoning process is inherently complex and uniquely experiential for each clinician.^[@R2]^ In addition, the problem-solving aspects are poorly understood, and expert reasoning is not adequately taught. However, using a standardized approach to teaching and assessing the diagnostic reasoning process can enable learners to develop these essential skills for lifelong learning towards diagnostic expertise.

We designed this workshop to develop faculty skills in teaching diagnostic reasoning. Instead of teaching theoretical concepts and their associated skills, we use a theory-informed assessment tool (the Assessment of Reasoning Tool \[ART\]) as a framework for the workshop. The ART is an assessment for learning tool created by a multispecialty team of experts in the Society to Improve Diagnosis in Medicine. The society developed the ART based on prevalent clinical reasoning--related theories and frameworks, contemporary practice goals, and previously proposed error reduction strategies.^[@R3]^ As such, the ART is a tool that provides a standardized structure for teaching and assessing diagnostic reasoning skills. Clinical teachers can use the ART to provide explicit feedback to their learners and use the framework to create a teaching moment pertaining to the diagnostic reasoning process. The tool is specifically designed to be used during an oral case presentation and therefore does not require direct observation of clinical skills to be utilized.

Although there have been many assessment tools developed for clinical reasoning,^[@R3],[@R4]^ the ART is unique in that it is specific to diagnostic reasoning, provides the appropriate shared language and theoretical framework to allow for accurate assessment, and is the first tool to specifically evaluate for metacognition. While videos are available online to help faculty develop an understanding of the domains and terminology used in the tool,^[@R5]^ no currently published work exists that can serve as a guide to faculty development in the use of this tool. Furthermore, while there are some publications in *MedEdPORTAL* regarding feedback associated with diagnostic reasoning,^[@R6]--[@R8]^ none are applicable to both the general medical learner and the presentation of a new case without direct observation of clinical skills.

We created this workshop as an interactive 2-hour faculty development train-the-trainer session for clinical teachers to improve their teaching skills as well as for medical education leaders planning to develop a clinical reasoning curriculum. We designed the workshop around Kolb\'s experiential learning model^[@R9],[@R10]^ to create an interactive and practical experience ([Figure](#f1){ref-type="fig"}).

![Kolb\'s experiential learning cycle as a conceptual framework for the workshop design and the alignments of learning objectives, workshop activities, and learning outcomes. ART, Assessment of Reasoning Tool.](mep_2374-8265.10938-g001){#f1}

Methods {#s7}
=======

We initially conducted the 2-hour workshop at the 2019 Council on Medical Student Education in Pediatrics (COMSEP) annual meeting after being selected through a peer-review process. We subsequently modified it to a 1-hour workshop and presented it at a large teaching hospital in the context of a faculty development session. No previous knowledge or experience was required in order to attend the sessions.

Workshop facilitators were faculty and fellows at major academic medical institutions with experience in teaching the concepts of clinical reasoning. Facilitators were familiar with the conceptual framework of the diagnostic reasoning process provided by Thammasitboon et al.,^[@R3]^ which included five domains: hypothesis-driven data gathering, problem representation, prioritized differential diagnosis, directing evaluation and treatment towards high-priority diagnoses, and metacognition. As all workshop facilitators were involved in the workshop design, no additional training was needed. The initial target audience at the 2019 COMSEP annual meeting was medical educators interested in teaching and assessing skills in clinical reasoning as well as education leaders looking to improve the quality of clinical reasoning feedback given to learners within their training program. When the workshop was modified specifically for an institutional faculty development exercise, the intended audience was any faculty member with a role in precepting and assessing clinical learners. Of note, while both workshops were presented to pediatric educators, the content was not specialty specific. In fact, the workshop was designed to improve the teaching ability of all clinical educators who deal with assessment of their learners' diagnostic reasoning skills at the undergraduate and graduate medical education levels across disciplines.

To maximize small-group interaction and collaboration, the workshop required a room equipped with a projector and screen capable of displaying PowerPoint slides and videos, as well as an adequate sound system for attendees to hear spoken dialogue in the videos. An easel with a writing surface and markers were also used. Participants were placed into groups of five to six based on their seating position in the room, which was organized into small tables. An agenda and a facilitator guide ([Appendices A](#s001){ref-type="supplementary-material"} and [B](#s002){ref-type="supplementary-material"}) were created to ensure that the activities were presented in an orderly and timely manner. Participants were also supplied with worksheets to supplement the activities presented and allow for note-taking ([Appendices C](#s003){ref-type="supplementary-material"} and [D](#s004){ref-type="supplementary-material"}).

To meet the above learning objectives, the workshop included didactic teaching interspersed with role-playing, small-group activities, and practice with the ART. Facilitators began the workshop by introducing themselves and then asking for the participants to introduce themselves, including an icebreaking fun fact.

After introductions, the workshop followed the facilitator guide and agenda. A role-play activity ([Appendix E](#s005){ref-type="supplementary-material"}) and reflection allowed participants to begin thinking of their own mental frameworks for diagnostic reasoning and helped facilitators to gauge the participants' prior knowledge in diagnostic reasoning concepts. Then, the didactic portion began with the PowerPoint presentation ([Appendix F](#s006){ref-type="supplementary-material"}), which first described diagnostic errors and the general framework of diagnostic reasoning, followed by teaching in detail about each of the five domains of diagnostic reasoning using illustrative examples.

At this point, the didactic was paused to allow for an interactive exercise ([Appendix C](#s003){ref-type="supplementary-material"}) in which participants were asked to work in pairs to create a problem representation statement with semantic qualifiers and then list their differential diagnoses. These were shared in the large group by volunteer participants, and semantic qualifiers from the statements were written on the easel by the facilitators to highlight as exemplars.

The didactic continued with a more detailed discussion of illness scripts followed by the resumption of the above activity ([Appendix C](#s003){ref-type="supplementary-material"}), which asked the participants to create illness scripts based on their differential diagnoses.

The next section of the workshop included a discussion on cognitive biases and metacognition using an illustrated example case ([Appendix D](#s004){ref-type="supplementary-material"}) and a large-group discussion on the types of biases displayed. The case used in the initial workshop was replaced with a shorter case after feedback from the evaluation forms (see below). The participants were guided towards additional training on each domain of the ART that could be reviewed through five brief online modules.^[@R5]^

In the final section of the workshop, the facilitators reintroduced the ART ([Appendix G](#s007){ref-type="supplementary-material"}) and handed a paper version to participants to allow them to practice with the tool. Two video cases were shown, with the first case allowing groups to give their assessment and the second allowing groups to brainstorm feedback ([Appendices H](#s008){ref-type="supplementary-material"} and [I](#s009){ref-type="supplementary-material"}).

The workshop concluded with the facilitators asking for questions or comments from the participants on diagnostic reasoning, its domains, and the use of the ART.

For the workshop\'s adjustment to a 1-hour faculty development session ([Appendix J](#s010){ref-type="supplementary-material"}), the bias activity ([Appendix D](#s004){ref-type="supplementary-material"}) was removed. Some illustrative slides were also condensed. Otherwise, the workshop ran as noted above.

The workshop attendees at both the COMSEP 2019 annual meeting and the local institution were invited to complete an anonymous paper evaluation. The workshop evaluation tool featured 5-point Likert-scale items to obtain feedback about the workshop\'s ability to meet prespecified objectives, as well as open-ended questions soliciting qualitative comments about useful elements of the workshop and suggested improvements. After feedback, the form was revised to obtain more robust information on practice changes ([Appendix K](#s011){ref-type="supplementary-material"}). Evaluation forms were collected and stored securely immediately after the sessions. No identifying information was collected on the evaluations.

Results {#s8}
=======

Nineteen participants attended the COMSEP 2019 annual meeting in the beginning of March 2019. Participants consisted of pediatrics faculty and clerkship directors, some of whom occupied educational leadership positions at their respective hospitals and medical schools. Our customized workshop evaluation was completed by 17 of the participants, who were asked to rate teaching effectiveness, the degree of achievement for each objective, and the usefulness of the session on a 5-point Likert scale (1 = *poor,* 5 = *excellent,* or 1 = *strongly disagree,* 5 = *strongly agree,* depending on the question). Participants were also asked if they intended to make a practice change. Likert-scale responses were analyzed with descriptive statistics to obtain the mean and standard deviation. Participants rated the facilitators and workshop favorably ([Table 1](#t1){ref-type="table"}), with means of 4.5 out of 5 or greater throughout the evaluation. Fifteen of the 17 participants noted they would make a change in their practice after the workshop, with one abstaining.

###### Summary of COMSEP Evaluations (*N* = 17)

![](mep_2374-8265.10938-t001)

The workshop was conducted a second time at a large teaching hospital at the end of March 2019 with an estimated 15 participants. The faculty development session was geared towards pediatric hospital medicine physicians, although no demographic data were directly obtained. Eleven of the participants completed the same evaluation form, with similar results noted ([Table 2](#t2){ref-type="table"}). Nine of the participants indicated they would change their practice based on the workshop.

###### Summary of Texas Children\'s Hospital Evaluations (*N* = 11)

![](mep_2374-8265.10938-t002)

Participants were also asked for general narrative comments as well as specific comments about the most helpful aspects of the workshop and which parts they would change. Two authors (Adam Cohen and Satid Thammasitboon) reviewed the comments and analyzed them through iterative coding, clustering codes into like categories and developing themes. Of the 28 participants who evaluated the workshops, 19 (68%) left comments, which are summarized briefly by theme in [Table 3](#t3){ref-type="table"}.

###### Summary of Narrative Comments by Theme

![](mep_2374-8265.10938-t003)

Discussion {#s9}
==========

Our workshop was specifically designed to train clinical teachers on the concepts of diagnostic reasoning while preparing them to apply the theory-informed ART in their regular teaching practice. Overall, this workshop was well received at national and local levels by faculty of varying expertise, with modifications after each presentation based on participant feedback. Participants highlighted the benefits of using cases and video examples for interactive and hands-on activities. They reported that knowledge and skills gained from the sessions equipped them to apply the concepts in their teaching practice. Participants also appreciated the workshop\'s interactivity, which allowed for ample opportunity for discussion and learning from one another throughout the workshops.

As noted in the *Improving Diagnosis in Health Care* report, it is imperative that medical training programs enhance training of clinical reasoning for their learners in order to reduce the burden of diagnostic errors across all medical disciplines.^[@R1]^ Currently, efforts at training learners in clinical reasoning are hampered by the lack of effective tools to assess learners' skill and deliver timely and formative feedback. A review of the literature indicated the availability of several assessment tools for diagnostic reasoning, but we found that the ART was unique in containing behavioral descriptors linked to various levels of performance in the major domains of the diagnostic reasoning process.^[@R3],[@R4],[@R11]--[@R14]^ Apart from enhancing teachers' ability to assess their learners' diagnostic reasoning performance, the ART also offered shared construct and language that facilitated the delivery of feedback and aid in conation. The ART developers recognized the need for faculty training for optimal use of this tool and so created training modules for each domain of the ART (freely available online).^[@R5]^ As we attempted to implement and validate the ART, our needs assessment dictated the necessity for more in-depth training for clinical teachers and faculty developers across disciplines regarding the concepts and shared terminology of diagnostic reasoning as well as the domains of the ART.

The ART developers had previously conducted several successful workshops on this topic locally and nationally. This workshop was the first time we employed an assessment for learning as a framework for the workshop. This framework allowed an effective interweaving between assessment domains (product) and theoretical concepts of diagnostic reasoning (process). Consequently, the workshop was highly interactive, was conducive for hands-on practice activities, and succinctly covered a large amount of content in a relatively short duration compared to our previous workshops. Even though the workshop was designed around the use of an assessment tool, we deliberately based its structure on a broader conceptual framework of diagnostic reasoning. This decision was made in order to allow participants with little to no knowledge of the diagnostic reasoning literature to quickly learn the necessary concepts in the use of the ART. This choice was reinforced by the evaluations, where a majority of participants reported that the workshop content was adequately covered and clearly explained.

We explicitly employed Kolb\'s experiential learning model^[@R9],[@R10]^ to structure the sequence of the workshop ([Figure](#f1){ref-type="fig"}). This structure provided participants ample opportunities to bring in prior knowledge to establish learning goals, practice with new knowledge, experiment upon what they had learned, and immediately reflect on the experience. One of the highlights of the workshop was the use of video examples of case presentations for hands-on practice. Each video represented a different combination of behaviors that could be mapped to the ART domains. Participants were able to practice assessing these behaviors by giving feedback to peer participants. The participants were very engaged with the activity and received immediate feedback from other participants as well as for the workshop facilitators through think-pair-share and group discussions, respectively. The workshop evaluations indicated an overwhelmingly positive response to this structural aspect of the workshop, with multiple comments mentioning how the interactive practice using expert guidance of the facilitators was the most helpful part of the workshop.

We utilized the information garnered from our first workshop to implement a longitudinal assessment practice at our institution where hospitalist faculty could utilize the ART as an assessment as well as a feedback tool for residents during their rotation. These faculty used the tool after presentations of new admissions to give residents feedback on their reasoning.

We also had the following observations and reflections after our experiences facilitating this workshop. We noted that audience expertise in the field of diagnostic reasoning could be markedly variable, especially in the use of terminology such as illness scripts and semantic qualifiers. We recognized that the duration of time spent on the introductory segment of workshop might need to be rapidly adjusted after preliminary assessment of participants' backgrounds and experience. Furthermore, while the ART was accepted by participants as a valuable tool to assess learners and give them feedback on diagnostic reasoning, it still required practice to attain familiarity with the behavioral descriptors linked to various levels of performance. Hence, during the workshop, it is important to emphasize the need for repeated use of the ART to minimize dissatisfaction and promote its adoption. For the same reason, it is important to balance the need to play the whole video without interruption to emulate an authentic clinical situation versus pausing the video after the learner presents each domain so that participants can focus on each domain specifically. We found that using the initial practice video to allow for pauses and playing the second video through struck that balance well. Additionally, some participants struggled with the prompt of metacognition in the videos as they wondered if this was a practical or accurate representation of the learner\'s actual practice. Facilitators need to emphasize that metacognition is an advanced skill. Prompting learners to reflect upon their own cognitive tendencies and emotional factors is an initial step for a reflective practice.

With regard to the ART and the feedback process, while the ART helps deliver focused and concrete feedback, the process of diagnostic reasoning tends to be very idiosyncratic, and thus, giving feedback on this process remains a crucial yet difficult task. We recognize the need for timely feedback, but questions remain about the right time and setting for the supervising physician to deliver this feedback to the learner. The process of feedback is inherently complicated, which is why it is so important to allow more time for this crucial component at the end of the workshop so participants can delve deeper into reflection and discussion of the use of ART as a tool to guide feedback.

Although pediatric providers have been the main audience for the workshop so far, the favorable responses and positive feedback from providers within a variety of different educational roles and subspecialties suggest the workshop\'s generalizability. Furthermore, our workshop facilitators were from various specialties, and all had a favorable response to the workshop. Finally, as-yet unpublished results of the study that validated the ART consisted of educators across multiple disciplines and institutions.

There are recognized limitations to this work. First, our evaluation tool mainly measured the reaction of the participants to the workshop. While this is the lower tier of the Kirkpatrick\'s model, our results still demonstrate the feasibility of this intervention to audiences of varying expertise and disciplines. Second, our workshop is based on one conceptual framework of diagnostic reasoning, and while it fits with the ART, other frameworks may resonate differently with different populations of physicians. Finally, all of the facilitators of this workshop had prior knowledge of the concepts of diagnostic reasoning that were outlined. Although only one of the facilitators had involvement in the development of the conceptual frameworks and the ART, this does suggest that other facilitators will need to review the concepts prior to presenting the workshop.

Our next step is to continue to improve this workshop to guide the development of diagnostic reasoning expertise in accordance with Association of Medical Colleges Entrustable Professional Activities (EPAs) and Accreditation Council of Graduate Medical Education milestones. As medical education continues to move towards competency-based assessment, the core EPAs for entering residency and the residency milestones are at the heart of the competencies.^[@R15],[@R16]^ As the ART is based on specific competencies of clinical reasoning, it overlaps with multiple EPAs and milestones and may lend itself to being a useful tool in the evaluation of medical students and residents.

Overall, this faculty development workshop and its materials represent an important step in the workplace-based assessment of diagnostic reasoning in medical learners. The workshop is grounded in the clinical reasoning literature and presents one approach to assessing these skills in learners with or without direct observation of clinical skills. The workshop can continue to be evaluated in a varied population of medical educators to assess for changes in knowledge and behavior.

Appendices {#s10}
==========
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